Summary.-Whether attention affects the estimated length of a line has been debated for a long time. Some authors have found estimated length to increase with attention; others have found that it decreased. The present study further investigated this problem with two experiments. The first confirmed that estimated length decreased with attention; however, this result had low reliability. The second experiment indicated that estimated length significantly decreased with attention for some participants and significantly increased for others. This finding accounts for the low reliability of the first experiment and for the conflicting results of previous studies. Implications of opposite effects of attention for models of sensory intensity are discussed. An interpretation of these effects in terms of response preferences is proposed.
Testing the possibility that attention may influence the perceived length of a line is important for models of sensory intensity. For example, counting and timing models (Ashby, 1987; Luce, 1994; Vickers, 1979) assume that the perceptual system counts in a fixed time the neural impulses caused by a stimulus attribute (McGill, 1967) or measures the time required for a fixed number of these impulses to occur (Luce & Green, 1972) . Single counts of impulses or measurements of time are individual samples of the intensity of the stimulus attribute. Attention is assumed to increase the number of individual samples. For Green and Luce's (1974; Luce, 1977) model this involves an increase in sensitivity and for Piaget's (1955 Piaget's ( , 1961 model an increase in sensory intensity.
Specifically, Piaget's model (see also Flavell, 1963, pp. 225-236; Munari, 1973) claims that the perceptual system samples lines at some rate. After s samplings the over-all number of individual samples of a line is n = N -N (1-q) s with N the maximum possible n and q the probability of occurrence of an individual sample. Since n increases with s which increases with time, n increases with time from N q (s = 1) to N (s very large). Perceived length corresponds to n. Therefore, perceived length also increases with time.
Accordingly, Erlebacher and Sekuler (1974) found that in 1 or 2 sec. the perceived length of a line progressively increased with time from an initial value (corresponding to N q) up to a maximum value (corresponding to N). This line expansion is known as the gamma movement of a line (Kanizsa, 1979; Kenkel, 1913) .
According to Piaget (1961, p. 131) , attention increases q or the sampling rate. This increase in either q or the sampling rate causes n to increase at a faster rate. Therefore, attention also causes perceived length to increase at a faster rate. Fraisse, Ehrlich, and Vurpillot (1956, pp. 205-207; Piaget, 1961, pp. 108-110) confirmed this prediction. On a screen two simultaneous horizontal lines, A and B, briefly appeared side by side. The center of A coincided with that of the screen, and B was on the left or right of A. The distance between the closest ends of A and B was the same when B was on the left or right. Participants compared the length of B with that of A. While they fixated on the center of the screen, in one condition participants attended to A and in another to B. Participants judged B as longer than A when they attended to B and as shorter than A when they attended to A. Prinzmetal and Wilson (1997) confirmed this finding. On a screen a central 9-letter matrix and a peripheral vertical line briefly appeared. The line was either simultaneously presented with the matrix or delayed 0.5 sec. Participants detected a letter in the matrix while they fixated on the center of the screen. This detection distracted attention from the line when the matrix and line were presented simultaneously but not when the presentation of the line was delayed. After the line disappeared participants estimated its length by adjusting a comparison stimulus. Estimated length was longer when detection of a letter did not distract attention from the line.
However, Tsal and Mevorach (1991) and Tsal and Shalev (1996; also see Tsal, 1994, pp. 445-446) obtained the opposite result. On the left or right of the center of a screen one peripheral vertical line was briefly presented. Participants fixated on this center and numerically rated the length of the line. A visual cue preceded the line. It was either near or far from the line. Participants attended first to the line when the cue was near the line and first to the location far from the line when the cue was far from the line. Rated length was shorter when participants attended first to the line. Prinzmetal and Wilson (1997) argued that in Tsal and Shalev's (1996) study the cue near the line affected the line perceptually; however, when perceptual effects were balanced, Tsal, Shalev, and Lubow (1997) replicated the original finding. Klein, Wylie, and Briand (1996) asked participants to produce absolute judgments of the length of lines that were briefly presented following valid and invalid spatial precues, These authors reported an effect of attention on choice reaction time but not on perceived line length.
The present study attempted to identify some factor that might account at least in part for the above conflicting results. The following experiment further tested the possible effect of attention on apparent line length using a variant of a procedure for demonstrating the effect of attention on the comparison of simultaneous, briefly presented visual stimuli (Masin & Agostini, 1991) .
EXPERIMENT 1 Method
Participants.-Forty students at the University of Padua with reported normal or corrected-to-normal vision participated for pay.
Stimuli.-In a dark room, each stimulus appeared for 100 msec, on the frontal-parallel 330 × 250-mm screen of an Apple Multiple Scan 1705 display controlled by a Power Macintosh 7200/90 computer. The stimulus was one 0.5-× 50-mm vertical line and one simultaneous 9-mm square. The line was on the left or right side of the screen. The square was on the side of the screen opposite to where the line was. The centers of the line, square, and screen were horizontally aligned. The line was at 18.5, 36.5, or 55 mm (3, 6, or 9°, respectively) from the center of the screen and the closest vertical side of the square at 61.5 mm (10°). Using a chin-rest, viewing distance was set at 350 mm. The screen was black, the line white, and the square red or green with luminances of 0.08, 8, 5, and 15 cd/m 2 , respectively. Each trial was as follows. One 2.5-mm blue "plus" sign appeared in the center of the screen. Participants were asked to fixate binocularly on this "plus" sign until the stimulus disappeared. When they started fixating, participants gave a verbal signal. At this signal the experimenter presented the stimulus by pressing a key. The stimulus appeared 1 sec. after this key was pressed. The "plus" sign disappeared 1 sec. after the stimulus disappeared.
Procedure.-Participants ignored the fact that there was only one line and also its physical length and luminance. On each trial they performed one of two tasks. One task was to estimate verbally the length of the line in millimeters.
2
Before the experiment the line was visible in the center of the screen for 1 min. Participants were told that this was the standard. With a ruler the experimenter showed each participant that the length of the standard was 50 mm. The other task was to rate the distinctness of the line using the integers 1 to 6, with 1 the lowest degree of distinctness and 6 the highest. Before the experiment, 10 randomly selected stimuli were shown to exemplify differential distinctness of the line.
Before each trial the experimenter told the participants what their task was and on which side of the screen the line was about to appear or else told them only on which side of the screen the square was about to appear. When participants were only told where the square was about to appear they had to decide what the task was from the color of the square. Half the participants estimated the length of the line or rated its distinctness after they saw that the square was red or green and the other half after they saw that the square was green or red, respectively. When participants were told beforehand what their task was and where the line was about to appear, they were likely to attend first to the line. When participants were told beforehand only where the square was about to appear, they were likely to attend first to the square to decide what their task was.
There were 24 different trials, each corresponding to a different combination of six stimulus locations, two tasks, and two kinds of information provided by the experimenter. These 24 trials were repeated four times consecutively for a total of 96 trials. Trials for each participant were in different pseudorandom order.
Results and Discussion
The means and medians of the length estimates and those of the distinctness ratings for each combination of stimulus location, task, and kind of information provided by the experimenter were used as individual scores. Sixteen of these scores were based on three rather than four estimates or ratings because some participants occasionally misinterpreted the color of the square, that is, they estimated length when color indicated the rating of distinctness, or vice versa. Since the results based on means and medians were virtually identical only those based on means are reported here. Fig. 1 shows the mean estimated number of millimeters as a function of horizontal retinal eccentricity. The parameter is the focus of attention on the line or square.
A 2 (Attention) × 2 (Hemifield) × 3 (Eccentricity) analysis of variance was performed for estimated length and rated distinctness. For estimated length, the main effects of Attention and Eccentricity and the interaction between these factors were significant (F 1,39 = 8.59, p< .01; F 2,78 = 76.2, p<.0005; and F 2,78 =3.90, p<.05, respectively) and the main effect of Hemifield and the other interactions were nonsignificant.
It is a common fact that stimuli in peripheral vision look less distinct. Accordingly, rated distinctness decreased with displacement of the line from the fovea. This was confirmed by the significant main effect of Eccentricity (F 2,78 = 4.20, p<.05); however, the main effects of Attention and Hemifield and all interactions were nonsignificant.
One might suspect that the significant main effect of Attention on estimated length occurred because participants moved their eyes toward the line when they knew beforehand what their task was. This would have occurred if participants cheated, that is, if they moved their eyes before the stimulus appeared. Since subjects were urged not to move their eye before the stimulus appeared and there was no reason why they should have cheated, it may be concluded it is plausible that at least the majority of subjects complied with the instructions. Additionally, the nonsignificant effect of Attention on rated distinctness indicates that there was no appreciable eye movement toward the line before the line appeared, that is, if the instructions that manipulated attention should have induced any such movement, the distinctness of the line should have varied with these instructions, but it did not.
The significant main effect of Attention on estimated length confirms the findings of Tsal and Shalev (1996) . The increase of estimated length with absolute retinal eccentricity agrees with results reported by Fraisse, et al. (1956, Exp. 6 ), Stevens (1908) , and Tsal and Shalev (1996) but disagrees with results reported by Collier (1931) , Helmholtz (1867), Hillebrand (1928 ), Fraisse, et al. (1956 1 and 2), Newsome (1972) , Pearce and Matin (1969) , Piaget and Morf (1954) , Piaget, Rutschmann, Matalon, and Jonckeere (1959) , Rey and Richelle (1955) , Schneider, Ehrlich, Stein, Flaum, and Mangel (1978) , and Thompson and Schiffman (1974) . However, this disagreement is only apparent because Thompson and Fowler (1980) have shown that, while the estimated length of a horizontal line decreases with displacement from the fovea on either the horizontal or the vertical meridians, that of a vertical line decreases only with displacement on the vertical meridian.
Considering that Brown (1953) and Fraisse, et al. (1956) have found marked individual differences in reproductions of peripheral lines and Fischer (1994) and Manning, Halligan, and Marshall (1990) in line bisection, data in Exp. 1 were re-analyzed to test whether the effect of attention on estimated length was reliable. Participants were randomly ordered from 1 to 40. Four groups of participants, A (1-20), B (21-40), C (1-10 and 31-40), and D (11-30), respectively, were formed. For each of these groups an analysis of variance was performed for estimated length. The main effect of Attention was significant for Groups A and C (F 1,19 = 8.92, p<.01, and 7.26, p<.05, respectively) but not for Groups B and D (F 1,19 = 1.35 and 1.98, respectively). This shows that the effect of Attention had low reliability and indicates that there could have been significant individual differences.
EXPERIMENT 2
To test further whether the effect of attention on line length was reliable, Exp. 1 was repeated with increased number of participant responses.
Method
Participants.-Twenty students at the University of Padua with reported normal or corrected-to-normal vision participated for pay. They differed from those in Exp. 1.
Procedure.-The stimuli and the procedure were the same as that in Exp. 1, except that the set of 24 trials was repeated 10 times consecutively for a total of 240 trials. After 120 trials participants rested for 2 min.
Results and Discussion
Due to misinterpretations of the color of the square, for each of 18 combinations of stimulus location, task, and kind of information provided by the experimenter there were nine rather than 10 length estimates or distinctness ratings.
The means of the length estimates for each combination of stimulus location, task, and kind of information provided by the experimenter were used as individual scores for a 2 (Attention) × 2 (Hemifield) × 3 (Eccentricity) analysis of variance. The main effect of Attention was nonsignificant (F 1,19 = .13) and that of Eccentricity significant (F 2,38 = 76.2, p<.0005). The interaction between these factors was nonsignificant (F 2,38 = .43). The main effect of Hemifield (F 2,38 = .18) and the remaining interactions were nonsignificant. Masin (1998) repeated the present Exp. 2 using 20 different subjects and found again that the main effect of Attention and the interaction of this factor with Eccentricity were nonsignificant. These results agree with those of Klein, et al. (1996) and confirm that the effect of attention on estimated length found in Exp. 1 is unreliable.
For each participant the means of the estimates or ratings for each degree of retinal eccentricity when the line was attended to first were subtracted from the corresponding means of the estimates or ratings when the square was attended to first. Let ∆ be one of these differences. For each participant the means of their ∆s were computed. A positive mean ∆ indicates that estimates or ratings tended to be smaller when the participant attended to the line first. For each participant Table 1 reports the mean ∆ for estimated length and Table 2 for rated distinctness. Participants 1-10 estimated length or rated distinctness when the square was red or green and Participants 11-20 when the square was green or red, respectively.
The following analyses of variance were performed on the plausible assumption that individual length estimates and distinctiveness ratings were statistically independent. Individual 2 (Attention) × 2 (Hemifield) × 3 (Eccentricity) analyses of variance were performed for estimated length and rated distinctness using the single length estimates or distinctness ratings produced by a participant for each combination of stimulus location, task, and kind of information provided by the experimenter. Tables 1 and 2 report the results. In the following summary, interactions are neglected because of the small number.
Estimated length.-(i)
The main effect of Attention was significant for four participants with negative and for five with positive mean ∆s and nonsignificant for the remaining 11. Significant positive mean ∆s confirm the results of Tsal and Shalev (1996) and significant negative mean ∆s those of Fraisse, et al. (1956) and Prinzmetal and Wilson (1997) . (ii) In agreement with previous findings (Fischer, 1994; Manning, et al., 1990) only seven participants had a significant main effect of Hemifield-for three, estimated length was longer in the left hemifield and for four in the right. (iii) In agreement with previous findings (Fraisse, et al., 1956, Exp. 6; Tsal & Shalev, 1996) 19 participants had a significant main effect of Eccentricity. Estimated length increased with absolute retinal eccentricity for all 19.
Rated distinctness.-(i)
The main effect of Attention was significant for five participants with negative and for three with positive mean ∆s and nonsignificant for the remaining 12. (ii) The main effect of Hemifield was significant for four participants-for two the line was more distinct in the left hemifield and for two in the right. (iii) The main effect of Eccentricity was significant for seven participants-rated distinctness increased with absolute retinal eccentricity for four and decreased for three.
There seems to be no clear connection between the effects of attention on estimated length and rated distinctness. For example, about half the participants with a significant main effect of attention on estimated length had a nonsignificant main effect of attention on rated distinctness.
GENERAL DISCUSSION
Exp. 2 showed that estimated length significantly increased with attention in some participants and significantly decreased in others. These opposite effects explain the low reliability of the over-all effect of attention on estimated length found in Exp. 1. Fraisse, et al. (1956) , Prinzmetal and Wilson (1997) , and Tsal and Shalev (1996) , respectively, used 15, 10-14, and 8-12 participants per group. Thus, it is possible that results from these groups differed because the numbers of participants with opposite effects of attention were different. Fischer (1994) proposed the same explanation for analogous conflicting results in the literature on line bisection.
Taken at their face value the present results disagree with predictions from theories of sensory intensity. For example, Piaget's (1955) model well explains the progressive increase in length or gamma movement of a line. However, the assumption of this model that attention causes n to increase at a faster rate does not explain why estimated length increases with attention for some participants and decreases for others. Green and Luce's (1974; Luce, 1977) model provides another example. This model contends that information about sensory intensity is encoded in trains of neural impulses traveling along parallel peripheral fibers. The perceptual system decodes this information in a fiber, for example, by counting the impulses in a fixed time or by measuring the time required for a fixed number of impulses to occur. An average of these counts or measures is calculated over a subset of fibers that carry identical information. By increasing the size of this subset, attention increases the precision of the counting or measuring processes. This amounts to an increase in sensitivity (Bashinski & Bacharach, 1980; Bonnel, Possamaï, & Schmitt, 1987; Downing, 1988) . The present results pose a problem for Green and Luce's model because this model predicts that attention affects sensitivity, not sensory intensity; however, it is possible that attention affects response preference rather than sensory intensity.
Objectively and subjectively, estimates and ratings are uncertain responses (John, 1969; Masin, 1986; Montgomery, 1977) . Suppose that some participants preferred small and some large responses for length and distinctness. Also, suppose that these small and large responses became smaller and larger, respectively, as response uncertainty increased. It seems reasonable that response uncertainty increased when attention was distracted from the line. Thus, this distraction made estimates of length or ratings of distinctness smaller for participants who preferred small responses and larger for participants who preferred large responses. This agrees with the results in Fig. 2 which shows that subjects with different effects of attention produced responses within different response ranges. This figure depicts the frequency distributions of all length estimates and all distinctness ratings for the respective groups of participants with significant negative, nonsignificant, and significant positive mean ∆s. The frequency distributions of the estimates from participants with significant negative and positive mean ∆s are negatively and positively skewed, respectively-except in the bottom right diagram where the compression of ratings toward the upper end of the scale makes positive skewness impossible to observe. 
